ABSTRACT
INTRODUCTION
Humans have always been exposed to natural radiation arising from the Earth as well as from outside the Earth [1] . All forms of life on earth are exposed to radiation from different sources. The most common sources are from within an outside the solar system, and natural radionuclides in the soil and rocks forming the earth's crust. Natural radionuclides occur in different chemicals forms such as oxides, carbonates, phosphates, sulphates, vanadates and silicates [2] . This environmental background radiation consists of natural and man-made radioactivity. It has been estimated that, on average, 85% of the radiation to which humans are exposed is from natural sources and 15% is from man-made sources [3] . It is a well-documented fact that excessive doses of ionizing radiation can hurt human tissues. Natural environmental radioactivity and the related external exposure due to gamma radiation depend mainly on the geological and geographical conditions, and appear at different levels in the soils of each region in the world [4] . Every building construction material contains different quantities of natural radioactive nuclides [5, 6, 7] . Radiation exposure due to building materials can be divided into external and internal exposure [8] . The external exposure is caused by direct gamma radiation, whereas internal exposure is caused by the inhalation of radon ( 222 Rn), thoron ( 220 Rn) and their short -lived decay products [9] . Owing to the health risks associated with the exposure to indoor radiation, many governmental and international bodies such as the International Commission on Radiological Protection (ICRP) have adopted measures to minimize such exposures [10] . Radioactivity in soil and sand is one of the main sources of radiation exposure to human beings. Natural radioactivity in soil and sand is mainly due to the presence of the primordial radionuclides 238 U, 232 Th, their decay products and 40 K. External gamma ray exposure of the body and irradiation of lung tissue from inhalation of radon and its decay products are the main radiological dangers associated with these radionuclides [11] . The annual global average per caput dose from natural background radiation is 2.42 mSv, including radon inhalation, cosmic radiations and terrestrial sources [12] . Effective dose equivalent for members of the public varies substantially depending on where they live, their personal and dietary habits, types of buildings materials, etc [13] . The source of the monazite may be traced to the rocks in the area that were weathered and the released minerals were transported by the river and deposited on the coastal areas [14] . Human beings are exposed to low levels of ionizing radiation from natural sources during their daily lives. Naturally occurring radioactive materials (NORM) are present in the wider environment such as food, soil, water, air, building materials, including the human body itself (such as 40 K and 14 C in bones) [15] .
Southwest coast of India is known since long as one of the high level natural background radiation areas in the world [16] . Natural radiation levels in this region are higher than normal which are believed to be emitted from the rich deposits of the monazite bearing beach sands. The mineral monazite contains radioelements, which is the main cause for natural radiation in the southwest coastal belt. The important localities possessing high radioactivity levels along the southwest coastal belt are the ChavaraNeendakara in Kerala coast, and the Manavalakurichi-Kadiapattanam -Midalam in southern TamilNadu Coast. Monazite in beach sands in Kerala and the TamilNadu coastal regions of India has been reported by various investigators [17] . The Knowledge of the level of natural radioactivity in soil is very important for accurately assessing the external exposure and for producing a radiation map of the country.
EXPERIMENTAL TECHNIQUES Study area
The present study area comprised the district Thiruvananthapuram also known as Trivandrum, is the capital of the Indian state of Kerala. Thiruvananthapuram District is the southernmost district of the coastal state of Kerala, in south India. The city is located at 8.5ºN 76.9ºE on the west coast, near the southern tip of mainland India and is bounded by Arabian Sea to its west and the Western Ghats to its east. Thiruvananthapuram district holds a number of tourist spots. The city and the suburbs span an area of 250 km 2 (96.53 sq mi). The average elevation of the city is 16 ft above sea level. The district has a population of 3,307,284 (as per the 2011 census) [18] . The mean maximum temperature 34 °C and the mean minimum temperature is 21 °C. The humidity is high and rises to about 90% during the monsoon season. 
Sampling and Sample Preparation
A total of 20 beach sand samples were collected randomly from different locations along the west and east coast of southern India (Kerala) during December 2012. At each locations two samples are collected one near the place where the tides reach and the other is on the shore about 10m away from the tides. The samples taken at tides reach are named as "0 m from the waves" and the samples collected on the shore are named as "10 m from the waves".
Soil samples are collected from a pit of 30 cm length x 30cm width x 15 cm depth. The dugout samples are uniformly mixed, sieved, air dried and then further dried at temperatures of 100 0 C to 120 0 C for an hour to remove the moisture content. The prepared sample is then stored in an airtight 250 ml plastic container for one month before subjecting them to gamma ray spectral analysis. This is to ensure attaining secular equilibrium between radium and its short-lived daughter products. The net weight of the sample is determined before counting.
Experiment Techniques and Methodology

Gamma-ray spectrometry
Gamma spectra from the samples are recorded using HPGe detector coupled to an 8 K multi-channel analyzer. The spectrometer is calibrated using standard samples supplied by International Atomic Energy Agency, Vienna (IAEA). The minimum detectable activity for Bq/kg at a back-ground shielding factor of 95%. The analysis of the gamma spectra obtained is performed with dedicated software, and the choice of the reference peak is made in such a way that they are sufficient discriminated. Of the peaks that could be identified via the software, reference is made to that at 
Radium Equivalent Activity
The Distribution of the natural radionuclide in soil is not uniform. Therefore, Exposure to radiation can be defined in number of terms. Radium Equivalent is one of the widely used hazard indices to compare the activity concentrations of soil containing different amounts of It is calculated by using the formula given by UNSCEAR [3] . [19] .
Annual External Dose Equivalent
To measure the annual effective external dose equivalent, considerations must be made for the conversion coefficient from the absorbed dose rate in air to the effective dose and the outdoor occupancy factor. The conversion coefficient 0.7 SvGy -1 , was recommended by the United Nations Scientific Committee on the Effects of Atomic Radiation. The adult spend ~ 20% of their time in outdoors. Therefore, the outdoor occupancy factor was given by 0.2.
AEED=D (nGy/h) × T× DCF (SvGy -1 ) × OF
Where, D is the absorbed gamma dose rate, DCF is the dose conversion Factor, OF is the outdoor occupancy factor and T is the time for a year [20] .
Annual Gonald Dose Equivalent
The Th and 40 K respectively.
Internal Hazard index
The external hazard index H in estimates the internal exposure to radon and its daughter products different samples. It is a dimensionless quantity and a safety criterion for materials is that H in ≤ 1 Th and 40 K respectively [20] . This energy range is sufficient to cover all the natural gamma emitters in the samples. Graph 1 shows a comparison between 0 m from the waves and 10 m from the waves for natural radionuclides in different locations and it is compared to the world average value reported in the UNSCEAR report. The presence of each radionuclide in the soil and the variation in concentration depend on the level of the soil and this reveals the nature of the soil presented in the study area. Average value of radium equivalent activity is 142.12 in 0 m from the waves Bq/kg and 82.74 Bq/kg in 10 m from the waves, which is below the threshold value of 370 Bq/kg. The range of the calculated air exposure rate at 0 m from the waves is between 14.2 to 228.1 nGy/h. At 10 m from the waves the calculated air exposure rate is ranging between 7 to 200 nGy/h. Based on the calculated air exposure rate values, all the sampling locations of Kerala in the present study fall under normal background radiation area. The annual effective dose equivalent (AEED) and annual gonald dose equivalent (AGDE) were calculated by using UNSCEAR report. The annual effective dose both in 0 m from the waves and 10 m from the waves lies in the range of 9.4 -279.73 µSv/yr. The annual gonald dose equivalent varies from 53.56 -1569.27 µSv/yr. The external and internal hazard indices are found to be in the range of 0.10 -3.68. As the activity concentrations, the radium equivalent activity and the internal and external hazard indices of the soil samples reported in this study area are within the acceptable limit in Table 4&5 .
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CONCLUSION
The activity concentration of naturally occurring radionuclides in twenty beach sand samples collected from Thiruvanathapuram, Kerala has been estimated using HPGe based gamma ray spectrometer. K are "Within the world average value". It is observed that thorium is abundant than any other radionuclide, which is due to the monazite present in the primary sand. The external and internal hazard indices show that the soil from Thiruvanathapuram can be regarded as hazard free. The data for activity concentration exhibits a positive correlation between 238 U and 232 Th. The values of external and internal radiation hazard indices are found to be less than unity. Measured values were compared with literature reported values. The radiological hazard indices are calculated. The measurement taken in this study represents a base line data base of activity levels that can be served as a reference point for future studies.
